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TITLE OF THE INVENTION 
OPTICAL DISK DEVICE 

BACKGROUND OF THE INVENTION 
5 Technical Field of the Invention 

The present invention relates to an optical disk 
device for recording or reproducing inf ormation, in 
particular, to an optical disk device capable of detecting a 
thickness error of the transparent substrate of the optical 
10 disk. 

Description of the Related Art 

The optical disk device typically used in CD (compact 
disk) and DVD (digital versatile disk) devices as a means of 

15 recording or reproducing information using light is widely 
used as an information recording device for images, sound 
and computer data, and demand for increasing its density and 
capacity has constantly intensified in recent years. The 
recording density of an optical disk device can be 

20 effectively increased by reducing the spot diameters of 

optical beams condensed on the recording/reproducing surface 
by means of lowering the wavelength of the source light and 
increasing the numerical aperture (NA) of the objective lens 
mounted on the optical head that writes and reads 

25 information. 

Furthermore, information recording or reproducing are 
normally carried out by irradiating the 

recording/reproducing surface with optical beams through a 



transparent substrate, which serves as the protective layer, 
so that spherical aberrations occur if the thickness of the 
transparent substrate deviates from the specified value and 
causes degradation in the recording/reproducing 
characteristics. Spherical aberrations due to a thickness 
error of the transparent substrate increases in proportion 
to the fourth power of the NA, which is tolerable if the NA 
is 0.45 through 0.6 as in the prior art in view of the fact 
that there is a thickness error resulting from the 
conventional disk forming process, but it becomes critical 
as the NA increases in order to achieve a higher density as 
mentioned before, so that it has become necessary to detect 
the thickness error of the transparent substrate and 
compensate for the spherical aberrations accordingly. 

Examples of the prior art for detecting the thickness 
error of thie transparent substrate can be proposed in 
Japanese Patent Publication No. 2000-11402 and Japanese 
Patent Publication No. 2000-20993, which disclose a method 
for detecting the thickness error of the transparent 
substrate based on the difference between the focus error 
signal detected from the light reflecting from the recording 
surface and the focus error signal detected from the light 
reflecting from the transparent substrate surface using an 
optical element that splits a light beam from a single light 
source into two light beams or two light beams from two 
light sources to cause these light beams to focus on the 
recording surface and the transparent substrate surface 
respectively. Also, Japanese Patent Publication No. 2000- 
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20999 discloses a method for detecting the thickness error 
of the transparent substrate based on the light intensity 
distribution obtained by splitting the light beam reflecting 
from the recording surface through the transparent substrate, 
5 spatially offsetting the two light beams, and overlaying 
them one on top of the other* 

However, since all of these prior art methods require 
special optical systems for detecting the thickness error, 
they all present a common problem in diminishing 

10 productivity and manufacturing costs increase due to the 
increasing number of parts and numbers of work hours 
required for system adjustments as well as problems of 
difficulty in designing smaller and lighter optical disk 
devices due to the need for special optical systems for 

15 detecting thickness errors. 

SUMMARY OF THE INVENTION 
The object of the present invention is to provide an 
optical disk device that enables us to achieve a stable 
20 high-density recording/reproduction by means of detecting 
thickness errors of the transparent substrate to compensate 
for spherical aberrations despite an increase in the 
objective lens' NA without requiring any special optical 
system, thus eliminating the chance of any substantial 
25 productivity declines or costs increasing, or increasing the 
size of the device. 

The optical disk device according to the present 
invention for recording or reproducing information on an 



optical disk in which a recording layers are formed on 
transparent substrates having: a condenser for condensing 
light for recording or reproducing information on a 
recording layer through a transparent substrate of the 
optical disk; a signal detector for detecting focus error 
signals and focus sum signals from the light reflecting from 
said recording layer; and a thickness error detector for 
detecting the thickness error of said transparent substrate 
with respect to the specified value based on the 
characteristics of said focus error signal. 

Another optical disk according to this invention is 
equipped with: a condenser for condensing light for 
recording or reproducing information on a recording layer 
through a transparent substrate of the optical disk; a 
signal detector for detecting focus error signals and focus 
sum signals based on light reflecting from said recording 
layer; and a thickness error detector for detecting 
thickness errors of said transparent substrate with respect 
to the specified value based on the peak position of said 
focus sum signal. 

The optical disk device of the present invention 
detects the thickness error of the transparent substrate 
using a signal detector based on conventional focus error 
signal detection methods, such as the knife-edge method, the 
spot size method, and the astigmatism method, without using 
any special detection optical system. Since the beam spread 
is unsymmetrical before and after the detection plane for 
detecting information light beams reflected from the 



recording/reproducing surface due to aspheric aberrations 
caused by deviations in the thickness of the transparent 
substrate from the specified value, focus error signals 
detected by the conventional focus error signal detection 
systems, such as the knife-edge method, the spot size method, 
and the astigmatism method, develop asymmetrical curves 
differing on the plus side and the minus side depending on 
the substrate thickness error amount. Moreover, since the 
light beams condensing on the detection plane themselves 
produce distorted diffraction images containing aspheric 
aberrations, the focus sum signal obtained by adding all the 
detection lights obtained in the conventional focus error 
signal detection system varies relative to the substrate 
thickness error, and its peak point generates a difference 
from said focus error signal's zero point (in-focus point). 
The invention detects the thickness error of the transparent 
substrate using the characteristics difference of the plus 
side and the minus side on curves of the focus error signal 
and the variation of the peak point of the focus sum signal 
corresponding to the substrate thickness error amount 
obtained in such a conventional focus error signal detection 
system. Therefore, it does not require a special optical 
system for detecting the thickness error of the transparent 
substrate so that an optical disk device is capable of high 
density recording or reproducing without causing any 
substantial productivity drop, cost increase, and/or 
increase in the size of the device. 

In a construction example of the optical disk device 



according to the present invention, said signal detectors (1 
through 6, 9, 10 , 11 , 13, 100) detect said focus error 
signal and said focus sum signal by means of the knife-edge 
method, and said thickness error detector (100) detects the 
thickness error of said transparent substrate or its symbol 
based on the difference between the absolute value of the 
positive peak and the absolute value of the negative peak of 
said focus error signal. 

In another construction example of the optical disk 
device of the present invention, said signal detectors (1 
through 6, 9, 10, 11, 13, 100) detect said focus error 
signal and said focus sum signal by means of the knife-edge 
method, and said thickness error detector (100) detects the 
thickness error of said transparent substrate or its symbol 
based on the difference between the peak point of said focus 
sum signal and the zero point of said focus error signal in 
their focus positions. 

In another construction example of the optical disk 
device of the present invention, said signal detectors (20 
through 25, 28 through 33, 100a) detect said focus error 
signal and said focus sum signal by means of the spot size 
method, and said thickness error detector (100a) detects the 
thickness error of said transparent substrate or its symbol 
based on the difference between the absolute value of the 
positive peak and the absolute value of the negative peak of 
said focus error signal. 

In another construction example of the optical disk 
device of the present invention, said signal detectors (20 



through 25, 28 through 33, 100a) detect said focus error 
signal and said focus sum signal by means of the spot size 
method, and said thickness error detector (100a) detects the 
thickness error of said transparent substrate or its symbol 
based on the difference between the peak point of said focus 
sum signal and the zero point of said focus error signal in 
their focus positions. 

In another construction example of the optical disk 
device of the present invention, said signal detectors (42 
through 47, 50 through 53, 100b) detect said focus error 
signal and said focus sum signal by means of the astigmatism 
method, and said thickness error detector (100b) detects the 
thickness error of said transparent substrate based on the 
focus pull-in range, which is the distance between the 
positive peak and the negative peak of said focus error 
signal. 

In another construction example of the optical disk 
device of the present invention, said thickness error 
detector detects the absolute value of the thickness error 
of said transparent substrate based on said focus pull-in 
range, and detects the signal of the thickness error of said 
transparent substrate by comparing the waveform in the 
vicinity of the positive peak and the waveform in the 
vicinity of the negative peak of said focus error signal. 

In another construction example of the optical disk 
device of the present invention, said signal detectors (42 
through 47, 50 through 53, 100b) detect said focus error 
signal and said focus sum signal by means of the astigmatism 
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method, and said thickness error detector detects the 
thickness error of said transparent substrate or its symbol 
based on the difference between the peak point of said focus 
sum signal and the zero point of said focus error signal in 
5 their focus positions. 

Another construction example of the optical disk device 
of the present invention comprises aspheric aberration 
compensators <5, 24, 46) that compensate for aspheric 
aberration caused by the thickness error of said transparent 
H 10 substrate placed on the optical paths of said signal 



detectors . 

Another construction example of the optical disk device 
of the present invention has controllers (100, 100a, 100b, 
101, 101a, 101b) that calculate compensation factors for 
W; 15 S aid aspheric aberrations for various radial positions of 

said optical disk based on the thickness errors of said 
transparent substrate detected in advance at various radial 
positions of said optical disk before recording or 
reproducing information, and cause said aspheric aberration 
20 compensators to correct said aspheric aberrations based on 
said compensation factors during the recording or 
reproducing operation of said optical disk. 

According to the present invention, by providing 
thickness error detectors that detect the thickness errors 
25 of the transparent substrate based on the characteristics of 
the focus error signal or thickness error detectors that 
detect the thickness errors of the transparent substrate 
based on the peak position of the focus sum signal, it is 



! 
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possible to detect the thickness errors of the transparent 
substrate by means of signal detectors using the 
conventional focus error signal detection method such as the 
knife-edge method, the spot size method, and the astigmatism 
method without requiring any special detection optical 
system even in a case where it is necessary to detect and 
compensate for the thickness error of the transparent 
substrate due to an increase in the NA of the objective lens 
for high density recording and reproduction. Consequently, 
it is possible to realize an optical disk device capable of 
stable, high-density recording/reproduction without causing 
any substantial diminishing productivity , cost increase or 
increases in the size of the device. 

It is also possible to detect the absolute value of the 
thickness error of the transparent substrate from the 
absolute amount of the difference between the absolute value 
of the positive peak and the absolute value of the negative 
peak of the focus error signal, and also detect the signal 
of the thickness error from the signal of said difference, 
by means of providing a thickness error detector that 
detects the thickness error of the transparent substrate 
based on the difference between the absolute value of the 
positive peak and the absolute value of the negative peak of 
the focus error signal obtained by using the signal 
detectors based on the knife-edge method. 

It is also possible to detect the absolute value of the 
thickness error of the transparent substrate from the 
absolute amount of the difference in the focus positions, 
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and also detect the signal of the thickness error from the 
signal of said difference, by means of providing a thickness 
error detector that detects the thickness error of the 
transparent substrate based on the difference between the 
peak point of the focus sum signal and the zero point of the 
focus error signal in their focus positions obtained by 
using the signal detectors based on the knife-edge method. 

It is also possible to detect the absolute value of the 
thickness error of the transparent substrate from the 
absolute amount of the difference between the absolute value 
of the positive peak and the absolute value of the negative 
peak of the focus error signal, and also detect the signal 
of the thickness error from the signal of said difference, 
by means of providing a thickness error detector that 
detects the thickness error of the transparent substrate 
based on the difference between the absolute value of the 
positive peak and the absolute value of the negative peak of 
the focus error signal obtained by using the signal 
detectors based on the spot size method. 

It is also possible to detect the absolute value of the 
thickness error of the transparent substrate from the 
absolute value of the difference in the focus positions, and 
also detect the signal of the thickness error from the 
signal of said difference, by means of providing a thickness 
error detector that detects the thickness error of the 
transparent substrate based on the difference between the 
peak point of the focus sum signal and the zero point of the 
focus error signal in their focus positions obtained by 
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using the signal detectors based on the spot size method. 

It is also possible to detect the absolute amount of 
the thickness error of the transparent substrate by means of 
providing a thickness error detector that detects the 
thickness error of the transparent substrate based on the 
focus pull-in range, which is the distance between the 
positive peak and the negative peak of said focus error 
signal obtained by using the signal detectors based on the 
astigmatism method. 

It is also possible to detect the sign of the thickness 
error of the transparent substrate by means of comparing the 
waveform in the vicinity of the positive peak and the 
waveform in the vicinity of the negative peak of said focus 
error signal. 

It is also possible to detect the absolute amount of 
the thickness error of the transparent substrate from the 
absolute amount of the difference in the focus positions, 
and also detect the sign of the thickness error from the 
sign of said difference, by means of providing a thickness 
error detector that detects the thickness error of the 
transparent substrate based on the difference between the 
peak point of the focus sum signal and the zero point of the 
focus error signal in their focus positions obtained by 
using the signal detectors based on the astigmatism method. 

It is also possible to compensate for the aspheric 
aberration caused by the thickness error of the transparent 
substrate based on the detected thickness error, by placing 
aspheric aberration compensators on the optical paths of the 
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signal detectors. 

It is also possible to compensate for aspheric 
aberration in order to provide stable, high-density 
recording and reproduction even if the thickness of the 
transparent substrate varies with the radial position, by 
providing a controller that calculates compensation factors 
for said aspheric aberrations for various radial positions 
of the optical disk based on the thickness errors of said 
transparent substrate detected in advance at various radial 
positions of the optical disk before recording or 
reproducing information, and cause said aspheric aberration 
compensators to compensate for said aspheric aberrations 
based on said compensation factors during the recording or 
reproducing operation of the optical disk. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram showing the construction of 
the optical disk device according to the first embodiment of 
the present invention. 

Fig. 2 is a pattern diagram of a hologram element used 
in the first embodiment of the present invention. 

Fig. 3 is a pattern diagram of the light-receiving 
unit of a light detector used in the first embodiment of the 
present invention and a diagram showing the shape of the 
spots formed on the light detector when the optical disk is 
on the in-focus point. 

Fig. 4 is a pattern diagram of the light-receiving 
unit of a light detector used in the first embodiment of the 



present invention and a diagram showing the shape of the 
spots formed on the light detector when the optical disk is 
closer than the in-focus point. 

Fig. 5 is a pattern diagram of the light-receiving 
unit of a light detector used in the first embodiment of the 
present invention and a diagram showing the shape of the 
spots formed on the light detector when the optical disk is 
further than the in-focus point. 

Fig. 6 is a diagram showing the focus error signal and 
the focus sum signal obtained in the first embodiment of the 
present invention. 

Fig. 7 is a diagram showing a simulation result for 
the focus error signal and the focus sum signal obtained by 
using the focus error signal detection system based on the 
knife-edge method in the first embodiment of the present 
invention . 

Fig. 8 is a diagram showing a simulation result for 
the focus error signal and the focus sum signal obtained by 
using the focus error signal detection system based on the 
knife-edge method in the first embodiment of the present 
invention . 

Fig. 9 is a block diagram showing the construction of 
the optical disk device according to the second embodiment 
of the present invention. 

Fig. 10 is a pattern diagram of the light-receiving 
unit of a light detector used in the second embodiment of 
the present invention and a diagram showing the shape of the 
spots formed on the light detector when the optical disk is 
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on the in-focus point. 

Fig. 11 is a pattern diagram of the light-receiving 
unit of a light detector used in the second embodiment of 
the present invention and a diagram showing the shape of the 
spots formed on the light detector when the optical disk is 
closer than the in-focus point. 

Fig. 12 is a pattern diagram of the light-receiving 
unit of a light detector used in the second embodiment of 
the present invention and a diagram showing the shape of the 
spots formed on the light detector when the optical disk is 
further than the in-focus point. 

Fig. 13 is a diagram showing the focus error signal 
and the focus sum signal obtained in the second embodiment 
of the present invention. 

Fig. 14 is a diagram showing a simulation result for 
the focus error signal and the focus sum signal obtained by- 
using the focus error signal detection system based on the 
spot size method in the second embodiment of the present 
invention. 

Fig. 15 is a diagram showing a simulation result for 
the focus error signal and the focus sum signal obtained by 
using the focus error signal detection system based on the 
spot size method in the second embodiment of the present 
invention. 

Fig. 16 is a block diagram showing the construction of 
the optical disk device according to the third embodiment of 
the present invention. 

Fig. 17 is a pattern diagram of the light-receiving 
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unit of a light detector used in the third embodiment of the 
present invention and a diagram showing the shape of the 
spots formed on the light detector when the optical disk is 
on the in-focus point. 

Fig. 18 is a pattern diagram of the light-receiving 
unit of a light detector used in the third embodiment of the 
present invention and a diagram showing the shape of the 
spots formed on the light detector when the optical disk is 
closer than the in-focus point. 

Fig. 19 is a pattern diagram of the light-receiving 
unit of a light detector used in the third embodiment of the 
present invention and a diagram showing the shape of the 
spots formed on the light detector when the optical disk is 
further than the in-focus point. 

Fig. 20 is a diagram showing the focus error signal 
and the focus sum signal obtained in the third embodiment of 
the present invention. 

Fig. 21 is a diagram showing a simulation result for 
the focus error signal and the focus sum signal obtained by 
using the focus error signal detection system based on the 
astigmatism method in the third embodiment of the present 
invention. 

Fig. 22 is a diagram showing a simulation result for 
the focus error signal and the focus sum signal obtained by 
using the focus error signal detection system based on the 
astigmatism method in the third embodiment of the present 
invention . 



THE DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Embodiments of the present invention will be described 
below in detail with reference to the accompanying drawings. 
Fig. 1 shows the first embodiment of the present invention. 
Fig. 1 shows an optical disk device for 

recording/reproducing information on an optical disk with a 
recording layer formed on a transparent substrate, having a 
typical construction for detecting focus error signals that 
detect the deviations of condensing points of light beams 
condensing on the recording/reproducing surface by means of 
the knife-edge method. The principle of detecting the 
thickness error of the transparent substrate in the optical 
disk device as shown in Fig. 1 using the focus error signal 
detection system of the knife-edge method will be described 
below. 

First, the construction of Fig. 1 and the principle of 
the focus error signal detection according to the knife-edge 
method will be described. A light beam released from a 
laser diode 1 passes through a polarizing light beam 
splitter 2, becomes a parallel light by means of a 
collimator lens 3, enters an objective lens 6 via a 
spherical aberration compensator 5 and a quarter wavelength 
plate 4, and passes through a transparent substrate 8 of an 
optical disk 7. The light beam is condensed by means of the 
objective lens 6 on the recording/reproducing surface of the 
optical disk 7. 

The light reflected on the recording/reproducing 
surface of the optical disk 7 , passes through the 
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transparent substrate 8 again, becomes a parallel light by 
means of the objective lens 6, is condensed by the 
collimator lens 3 via the quarter wavelength plate 4 and the 
spherical aberration compensator 5, and enters the 
5 polarizing beam splitter 2. The light beam entering the 
polarizing beam splitter 2 is reflected by the polarizing 
beam splitter 2 as its plane of polarization is rotated 90? 
: ,, by passing the quarter wavelength plate 4 twice. 

The light beam reflected by the polarizing beam 
% 10 splitter 2 is diffracted by a hologram 9, and is irradiated 

P; on the light detector 11 via the detection lens 10. The 

1% 4\ light-receiving unit of the light detector 11 is divided 

yj! into four sectors, and the incident light is 

*" . photoelectrically converted on each of these four sectors 

S| : 15 and produces output signals. 

At this time, the detecting lens 10 and the light 

P- detector 11 are located in such a way that the light focuses 

m 

on the light detector 11 when the recording/reproducing 
a-. surface of the optical disk 7 is in the focus position of 

20 the light beam condensed by the objective lens 6. As shown 

in Fig. 2, a pattern with a different pitch is formed in 

each of the four sectors defined in the hologram 9. 

Consequently, light beams 12 (12a through 12h) diffracted by 

the hologram 9 are condensed on light-receiving unit 
25 patterns 13 (13a through 13b) of the light detector 11 

respectively as shown in Fig. 3. 

In other words, among the light beams 12 entering the 

hologram 9, the light of a ±1 order diffracted by the 
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hologram pattern 9a are condensed on the spots 12a and 12h 
formed on the light-receiving unit pattern 13 of the light 
detector 11, the light beams of a ±1 order diffracted by the 
hologram pattern 9b are condensed on the spots 12b and 12g, 
5 the light of a ±1 order diffracted by the hologram pattern 
9c are condensed on the spots 12c and 12f, and the light of 
a ±1 order diffracted by the hologram pattern 9d are 
condensed on the spots 12d and 12e, respectively. 

Since the light beams is irradiated on the light 
10 detector 11 before they converge to focus when the 
recording/reproducing surface of the optical disk 7 
approaches the objective lens 6, they form spots 12a through 



UJ^ 12h as shown in Fig. 4. On the contrary, as the 

■ ft 



recording/reproducing surface of the optical disk 7 moves 



fif: 15 away from the objective lens 6, the light beams is 



irradiated on the light detector 11 after they converge to 
focus before they reach the light detector 11, so that they 
form spots 12a through 12h as shown in Fig. 5. 

Let the output signals from the light-receiving unit 

20 patterns 13a, 13b, 13c and 13d of the light detector 11 be 
named S13a, S13b, S13c and S13d respectively, then the focus 
error signal FE and the focus sum signal FS can be 
calculated from the following formulas: 
FE = (S13a + S13d) - (S13b + S13c) (1) 

25 FS = S13a + S13b + S13c + S13d (2) 

The output signals from the light receiving unit 
patterns 13e through 13h are used for calculating the 
tracking error signal. 



The above is the principle of the general focus error 
signal detection method, which is otherwise known as the 
knife-edge method; the present embodiment uses the focus 
error signal detection system according to the knife-edge 
method to detect the thickness error of the transparent 
substrate 8, 

The present invention is not only applicable to the 
focus error signal detection system according to the knife- 
edge method with the construction described in the 
abovementioned Fig. 1, but rather to any other focus error 
signal detection system according to the knife-edge method 
such as a method where the light beam is split into two and 
only half of it is used, or the method using a Foucault 
prism as a means of splitting the beam. 

Next, the principle example for detecting the 
thickness error of the transparent substrate 8 in the 
optical disk device using the focus error signal detection 
system according to the knife-edge method will be described. 
When the recording/reproducing surface of the optical disk 7 
is too close to or too far from the focus plane of the 
objective lens 6, the spots 12a through 12h irradiated on 
the light receiving unit patterns 13a through 13h of the 
light detector 11 enlarge as described with reference to 
Fig. 4 and Fig. 5, and eventually expand beyond the 
boundaries of the light receiving unit patterns 13a through 
13h in accordance with the increase in the defocusing amount 
(focus error amount). 

If the thickness of the transparent substrate 8 is not 



deviating from the specified value, the rate of enlargement 
of the spots 12a through 12h relative to the absolute value 
of the defocusing amount is the same for both when the 
defocusing amount is positive (when the recording/ 
reproducing surface of the optical disk 7 approaches the 
focus plane of the objective lens 6) or when it is negative 
(when the recording/reproducing surface moves away from the 
focus plane of the objective lens 6), and the method in 
which the spots 12a through 12h expand are symmetrical when 
the defocusing amount is positive and negative as shown in 
Fig, 4 and Fig. 5. 

Therefore, by conducting calculations according to the 
formulas (1) and (2) based on the output signals Sl3a 
through S13d of the light receiving patterns 13a through 
13d, the focus error signal FE and the focus sum signal FS 
are obtained as shown in Fig. 6. In Fig. 6, the horizontal 
axis represents the defocusing amount, and the vertical axis 
represents the signal intensities of focus error signal FE 
and the focus sum signal FS. 

Since the split line of the hologram 9 and the split 
line of the light-receiving unit pattern 13 on the light 
detector 11 are positioned to be parallel with each other, 
the absolute value 16 of the positive peak (hereinafter 
called "positive side peak") of the focus error signal FE is 
equal to the absolute value 17 of the negative peak 
(hereinafter called "negative side peak") of the focus error 
signal FE. Moreover, the focus position of the peak point 
18 of the focus sum signal FS coincides with the focus 



position of the zero point 19 of the focus error signal PE. 

However, if the thickness of the transparent substrate 
8 is deviating from the specified value, a spherical 
aberration develops relative to the deviation amount. 
Consequently, the method in which the spots 12a through 12h 
expand, which is irradiated on the light-receiving unit 
patterns 13a through 13h of the light detector 11 is 
unsymmetrical in regard to whether the defocusing amount is 
positive or negative, and either one of the two with the 
larger spot-enlarging ratio expand beyond the light- 
receiving unit pattern 13 faster than the other. 

Therefore, the absolute value 16 of the positive side 
peak of the focus error signal FE becomes different from the 
absolute value 17 of the negative side peak of the focus 
error signal FE, and the characteristic curve of the focus 
error signal FE relative to the defocusing amount becomes an 
unsymmetrical S-curve. 

Now, since the spherical aberration amount varies with 
the thickness error of the transparent substrate 8, the 
degree of the unsymmetrical expansion of the spots 12a 
through 12h irradiated on the light-receiving unit pattern 
13a through 13h of the light detector 11 varies with the 
thickness error, so that the difference between the absolute 
value 16 of the positive side peak of the focus error signal 
FE and the absolute value 17 of the negative side peak 
varies with the thickness error of the transparent substrate 
8. 

Moreover, since the polarity of the spherical 
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aberration is different depending on whether the thickness 
of the transparent substrate 8 is thinner or thicker than 
the specified value, the method in which the unsymmetrical 
expansions occur on the spots 12a through 12h irradiated on 
the light-receiving unit patterns 13a through 13h of the 
light detector 11 are opposite as well. In other words, the 
size relationship between the absolute value 16 of the 
positive side peak of the focus error signal FE and the 
absolute value 17 of the negative side peak reverses 
depending on whether the thickness of the transparent 
substrate 8 is thinner or thicker than the specified value. 
Therefore, by comparing the absolute value 16 of the 
positive side peak of the focus error signal FE with the 
absolute value 17 of the negative side peak, the absolute 
value and the symbol of the thickness error of the 
transparent substrate 8 can be detected. 

When a spherical aberration occurs due to a thickness 
error of the transparent substrate 8, the spots 12a through 
12h themselves irradiated on the light-receiving unit 
patterns 13a through 13h of the light detector 11 develop 
distortions, and become blurred images accompanying side 
lobes even when the recording/reproducing surface of the 
optical disk 7 is close to the focus plane of the objective 
lens 6. Consequently, it develops a deviation of focusing 
positions between the peak point 18 of the focus sum signal 
FS that detects the light amount of all spots and the zero 
point 19 of the focus error signal FE. 

Now, since the spherical aberration amount varies with 
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the thickness error of the transparent substrate 8, the 
degree of distortions of the spots 12a through 12h 
irradiated on the light-receiving unit patterns 13a through 
13h of the light detector 11 varies as well, so that the 
difference between the peak point 18 of the focus sum signal 
FS and the zero point 19 of the focus error signal FE in the 
focusing positions also varies with the thickness error of 
the transparent substrate 8. 

Moreover, since the polarity of the spherical 
aberration is different depending on whether the thickness 
of the transparent substrate 8 is thinner or thicker than 
the specified value, the spots 12a through 12h irradiated on 
the light-receiving unit patterns 13a through 13h of the 
light detector 11 carry out opposite changes before and 
after the optical axis. In other words, the focusing 
position of the peak point 18 of the focus sum signal FS 
relative to the zero point 19 of the focus error signal FE 
is reversed depending on whether the thickness of the 
transparent substrate 8 is thinner or thicker than the 
specified value. Therefore, by detecting the difference 
between the peak point 18 of the focus sum signal FS and the 
zero point 19 of the focus error signal FE in the focusing 
positions including its symbol, the absolute amount and the 
symbol of the thickness error of the transparent substrate 8 
can be detected. 

Fig. 7 and Fig. 8 are diagrams showing the simulation 
results of the focus error signal FE and the focus sum 
signal FS obtained as the thickness error of the transparent 
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substrate 8 is varied in the focus error signal detection 
system according to the knife-edge method. Fig. 7 shows a 
case when the thickness of the transparent substrate 8 is 
thicker than the specified value , and Fig. 8 shows a case 
when the thickness of the transparent substrate 8 is thinner 
than the specified value. In Fig. 7 and Fig. 8, the 
horizontal axis represents the defocusing amount, while the 
vertical axis represents the signal intensities of the focus 
error signal FE and the focus sum signal FS. 

FEO, FE10, FE20, FE30, FE-10, FE-20, and FE-30 are the 
focus error signal FE when the thickness error difference of 
the transparent substrate 8 is 0, 10, 20, 30 , -10, -20, and 
-30 Mm respectively. Also, FS0, FS10, FS20, FS30, FS-10, 
FS-20, and FS-30 are the focus sum signal FS when the 
thickness error amount of the transparent substrate 8 is 0, 
10, 20, 30, -10, -20, and -30 Hxa respectively. 

According to Fig. 7, if the thickness of the 
transparent substrate 8 is thicker than the specified value, 
the absolute value of the negative side peak becomes larger 
than the positive side peak of the focus error signal FE 
depending on the thickness error amount of the transparent 
substrate 8 as mentioned before, so that the peak point of 
the focus sum signal FS moves to the negative side with 
respect to the zero point of the focus error signal FE. 

On the other hand, according to Fig. 8, if the 
thickness of the transparent substrate 8 is thinner than the 
specified value, the absolute value of the negative side 
peak becomes smaller than the absolute value of the positive 
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side peak of the focus error signal FE depending on the 
thickness error difference of the transparent substrate 8 as 
mentioned before, so that the peak point of the focus sum 
signal FS moves to the positive side with respect to the 
zero point of the focus error signal FE. 

Therefore, it is possible to detect the absolute 
amount of the thickness error of the transparent substrate 8 
and its symbol by detecting the difference between the 
absolute value of the positive side peak and the absolute 
value of the negative side peak of the focus error signal 
FE , or the difference between the peak point of the focus 
sum signal FS and the zero point of the focus error signal 
FE in the focusing positions. 

With the method described above, the signal-processing 
unit 100 can detect the thickness error of the transparent 
substrate 8. The control unit 101 outputs control signals 
to the spherical aberration compensator 5 in order to cancel 
out the spherical aberration caused by the thickness error 
detected by the signal-processing unit 100. In accordance 
with the input control signal (external drive signal), the 
spherical aberration compensator 5 changes the wave surface 
within the optical system to cancel out the spherical 
aberration caused by the thickness error of the transparent 
substrate 8. Thus, the spherical aberration caused by the 
thickness error of the transparent substrate 8 can be 
compensated. As a spherical aberration compensator 5, those 
using a relay lens system or a liquid crystal element can be 
used. 
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Since the optical disk device performs focusing 
control and tracking control during a recording or 
reproducing operation, it is impossible to detect and 
compensate for the thickness error of the transparent 
substrate 8 in real time during the recording or reproducing 
operation. Therefore, whenever a new optical disk 7 is 
installed, the thickness error of the transparent substrate 
8 is detected at various radial positions of the optical 
disk 7 by means of the signal processing unit 100 prior to 
the recording or reproducing operation, and the compensation 
factor for spherical aberration is calculated by means of 
the signal processing unit 100 at various radial positions 
of the optical disk 7. 

During the recording or reproducing operation later, 
the compensation factor is outputted from the signal- 
processing unit 100 in response to the radial position for 
recording or reproducing and a control signal based on the 
compensation factor is outputted by the control unit 101 to 
the spherical aberration compensator 5 to compensate for the 
spherical aberration caused by the thickness error of the 
transparent substrate 8. Thus, stable, high density 
recording or reproducing can be achieved. 

Next, we will describe the second embodiment of the 
present invention. Fig. 9 shows an optical disk device of 
the second embodiment. Fig. 9 shows a general construction 
of the optical disk device for recording or reproducing 
information on the optical disk with a recording layer 
formed on a transparent substrate, in which the focus error 
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signal is obtained by detecting the condensing point 
deviation of the light beams condensing on the recording or 
reproducing surface based on the spot size method. Below, 
the process of detecting the thickness error of the 
5 transparent substrate in the optical disk device shown in 
Fig, 9 using the focus error signal detection system based 
on the spot size method is explained. 

First, the construction shown in Fig, 9 and the 
principle of the focus error signal detection based on the 
10 spot size method is explained, A light beam released from a 
%\ laser diode 20 passes through a polarizing light beam 

splitter 21, becomes a parallel light by means of a 
P-c collimator lens 22, enters an objective lens 25 via a 

jj i spherical aberration compensator 24 and a quarter wavelength 

gj 15 plate 23, and passes through a transparent substrate 27 of 

an optical disk 26, The light beam then is condensed by 
means of the objective lens 25 on the recording/reproducing 
surface of the optical disk 26, 

The light beam reflected on the recording/reproducing 
20 surface of the optical disk 26, passes through the 

transparent substrate 27 again, becomes a parallel light by 
means of the objective lens 25 , is condensed by the 
collimator lens 22 via the quarter wavelength plate 23 and 
the aspheric aberration compensator 24, and enters the 
25 polarizing beam splitter 21. 

The light beam entering the polarizing beam splitter 
21 will be reflected by the polarizing beam splitter 21 as 
its plane of polarization is rotated 90^ by passing the 
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quarter wavelength plate 23 twice, and 50% of the beams is 
reflected by a half mirror 29 via a detection lens 28 and 
radiated on the light detector 30, while the remaining 50% 
are irradiated on a light detector 31 after passing through 
5 a half mirror 29. The light-receiving units of the light 
detectors 30 and 31 are each divided into three sectors, and 
the incident light is photoelectrically converted on each of 
these three sectors to produce output signals. 

At this time, the light detector 30 and the light 
10 detector 31 are located in such a way that they are equally 
distanced along the optical axis direction from, ahead and 
behind of, the focusing position of the light beams 
fl i condensed by the detection lens 28 when the 

recording/reproducing surface of the optical disk 26 is at 
15 the focusing position of the light beams condensed by the 
objective lens 25. 

In other words, the light detector 30 is located a 
fixed distance closer than the focusing position of said 
light beam, and the light detector 31 is located a fixed 
20 distance further than the focusing position of said light 
beam. Thus, spots 34 and 35 of the same size are formed on 
the light-receiving unit pattern 32 (32a through 32c) of the 
light detector 30 , and the light-receiving unit pattern 33 
(33a through 33c) of the light detector 31, respectively, as 
25 shown in Fig. 10. 

When the recording/reproducing surface of the optical 
disk 26 approaches the objective lens 25, the focusing 
positions of the light beams irradiated on the light 
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detectors 30 and 31 move backward, so that the spots 34 
formed on the light-receiving units 32a through 32c of the 
light detector 30 expand as shown in Fig. 11, while the 
spots 35 formed on the light-receiving unit patterns 33a 
through 33c of the light detector 31 contract as shown in 
Fig. 11. 

On the contrary, when the recording/reproducing 
surface of the optical disk 26 moves away from the objective 
lens 25, the focusing positions of the light beams 
irradiated on the light detectors 30 and 31 move forward, so 
that the spots 34 formed on the light-receiving unit 32 of 
the light detector 30 contract, while the spots 35 formed on 
the light-receiving unit 33 of the light detector 31 expand 
as shown in Fig. 12. 

Consequently, if the output signals from the light- 
receiving unit patterns 32a, 32b, 32c, 33a, 33b and 33c are 
named S32a, S32b, S32c, S33a, S33b and S33c respectively, 
then the focus error signal FE and the focus sum signal FS 
can be calculated from the following formulas: 
FE = [(S32a + S32c) - (S32b)] - [(S33a + S33c) - (S33b)J 

(3) 

FS « S32a + S32b + S32c + S33a + S33b + S33c (4) 
The above is the principle example of the general 
focus error signal detection method called the spot size 
method, and the present embodiment is to detect the 
thickness error of the transparent substrate 27 using the 
focus error signal detection system according to the spot 
size method. 
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The present invention is not only applicable to the 
focus error signal detection system according to the spot 
size method of the construction described with reference to 
Fig. 9, but also it can be applied to any other focus error 
signal detection system according to the spot size method 
such as a method using a hologram with lens power as a means 
of splitting the beam. 

Next, the principle example of detecting the thickness 
error of the transparent substrate 27 in the optical disk 
device using the focus error signal detection system 
according to the spot size method will be described. When 
the recording/reproducing surface of the optical disk 2 6 is 
too close to or too far from the focus plane of the 
objective lens 25 in the focus error signal detection system 
according to the spot size method, the spots 34 and 35 
irradiated on the light receiving unit patterns 32a through 
32c of the light detector 30 and the light receiving unit 
patterns 33a through 33c of the light detector 31 expand or 
contract their sizes as described in Fig. 11 and Fig. 12, and 
eventually expand beyond the boundaries of the light 
receiving unit patterns 32a through 32c or the light 
receiving unit patterns 33a through 33c in accordance with 
increase in the defocusing amount. 

If the thickness of the transparent substrate 27 is 
not deviating from the specified value, the rate of 
expansion (or contraction) of the spots 34 and 35 relative 
to the absolute value of the defocusing amount is the same 
for both when the defocusing amount is positive or when it 
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is negative , and the method in which the spots 34 and 35 
expand (contract) are symmetrical when the defocusing amount 
is positive and negative as shown in Fig. 11 and Fig* 12. 

Therefore , by conducting calculations according to the 
5 formulas (3) and (4) based on the output signals S32a 

through S32c of the light receiving patterns 32a through 32c 
and the output signals S33a through S33c of the light 
receiving patterns 33a through 33c, the focus error signal 
FE and the focus sum signal FS are obtained as shown in Fig. 
10 13. 

Since positioning is such that the light beams 
irradiated on the light detector 30 form the spot 34 in the 
center of the light receiving pattern 32 and the light beams 
irradiated on the light detector 31 form the spot 35 in the 
15 center of the light receiving pattern 33, the absolute value 
M=-: 38 of the positive side peak of the focus error signal FE is 

equal to the absolute value 39 of the negative side peak of 
the focus error signal FE shown in Fig. 13. Moreover, the 
focus position of the peak point 40 of the focus sum signal 
20 FS coincides with the focus position of the zero point 41 of 
the focus error signal FE. 

However, if the thickness of the transparent substrate 
27 is deviating from the specified value, a spherical 
aberration develops relative to the deviation amount. 
25 Consequently, the way the spots 34 and 35 irradiated on the 
light-receiving unit pattern 32 of the light detector 30 and 
the light-receiving unit pattern 33 of the light detector 31 
expand (contract) is unsymmetrical in regard to whether the 
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defocusing amount is positive or negative, and either one of 
the two with the larger spot-enlarging ratio expands beyond 
the light-receiving unit pattern 32 or the light-receiving 
unit pattern 33 faster than the other • Therefore, the 
absolute value 38 of the positive side peak of the focus 
error signal FE becomes different from the positive value 39 
of the negative side peak, and the characteristic curve of 
the focus error signal FE relative to the defocusing amount 
becomes an unsymmetrical S-curve. 

Now, since the spherical aberration amount varies with 
the thickness error of the transparent substrate 27, the 
degree of the unsymmetrical expansion (contraction) of the 
spots 34 and 35 irradiated on the light-receiving unit 
pattern 32 of the light detector 30 and the light-receiving 
unit pattern 33 of the light detector 31 varies with the 
thickness error, so that the difference between the absolute 
value 38 of the positive side peak of the focus error signal 
FE and the absolute value 39 of the negative side peak 
varies with the thickness error of the transparent substrate 
27. 

Moreover, since the polarity of the spherical 
aberration is different depending on whether the thickness 
of the transparent substrate 27 is thinner or thicker than 
the specified value, the method in which the unsymmetrical 
expansions (contractions) occur on the spots 34 and 35 
irradiated on the light-receiving unit pattern 32 of the 
light detector 30 and the light-receiving unit pattern 33 of 
the light detector 31 are opposite as well. 
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In other words, the size relationship between the 
absolute value 38 of the positive side peak of the focus 
error signal FE and the absolute value 39 of the negative 
side peak reverses depending on whether the thickness of the 
transparent substrate 27 is thinner or thicker than the 
specified value. Therefore, by comparing the absolute value 
38 of the positive side peak of the focus error signal FE 
with the absolute value 39 of the negative side peak, the 
absolute value and the symbol of the thickness error of the 
transparent substrate 27 can be detected. 

When a spherical aberration occurs due to a thickness 
error of the transparent substrate 27, the spots 34 and 35 
themselves irradiated on the light-receiving unit pattern 32 
of the light detector 30 and the light-receiving unit 
pattern 33 of the light detector 31 develop distortions, and 
become blurred images accompanying side lobes even when the 
recording/reproducing surface of the optical disk 26 is 
close to the focus plane of the objective lens 25. 
Consequently, it develops a deviation of focusing positions 
between the peak point 40 of the focus sum signal FS that 
detects the amount of light of all spots and the zero point 
41 of the focus error signal FE. 

Now, since the spherical aberration - amount varies with 
the thickness error amount of the transparent substrate 27, 
the degree of distortions of the spots 34 and 35 irradiated 
on the light-receiving unit pattern 32 of the light detector 
30 and the light-receiving unit pattern 33 of the light 
detector 31 varies accordingly, so that the difference 
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between the peak point 40 of the focus sum signal FS and the 
zero point 41 of the focus error signal FE in the focusing 
positions also varies with the thickness error of the 
transparent substrate 27. 

Moreover, since the polarity of the spherical 
aberration is different depending on whether the thickness 
of the transparent substrate 27 is thinner or thicker than 
the specified value, the spots 34 and 35 irradiated on the 
light-receiving unit pattern 32 of the light detector 30 and 
the light-receiving unit pattern 33 of the light detector 31 
make opposite changes before and after the optical axis. 

In other words, the focusing position of the peak 
point 40 of the focus sum signal FS relative to the zero 
point 41 of the focus error signal FE is reversed depending 
on whether the thickness of the transparent substrate 27 is 
thinner or thicker than the specified value. Therefore, by 
detecting the difference in the focusing positions including 
its symbol between the peak point 40 of the focus sum signal 
FS and the zero point 41 of the focus error signal FE, the 
absolute amount and the symbol of the thickness error of the 
transparent substrate 27 can be detected. 

Fig. 14 and Fig. 15 are diagrams showing the 
simulation results of the focus error signal FE and the 
focus sum signal FS obtained as the thickness error of the 
transparent substrate 27 is varied in the focus error signal 
detection system according to the spot size method. Fig. 14 
shows a case when the thickness of the transparent substrate 
27 is thicker than the specified value, and Fig. 15 shows a 
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case when the thickness of the transparent substrate 27 is 
thinner than the specified value. 

According to Fig. 14, if the thickness of the 
transparent substrate 27 is thicker than the specified 
5 value, the absolute value of the negative side peak becomes 
larger than the positive side peak of the focus error signal 
FE depending on the thickness error amount of the 
transparent substrate 27 as mentioned before, so that the 
peak point of the focus sum signal FS moves to the negative 

p 10 side with respect to the zero point of the focus error 

.0 

0 ; signal FE, 

SI : 

vj - On the other hand, according to Fig. 15, if the 

: thickness of the transparent substrate 27 is thinner than 

the specified value, the absolute value of the negative side 

0 \ 15 peak becomes smaller than the absolute value of the positive 

w 

jh* side peak of the focus error signal FE depending on the 

thickness error difference of the transparent substrate 27 
as mentioned before, so that the peak point of the focus sum 
signal FS moves to the positive side with respect to the 
20 zero point of the focus error signal FE. 

Therefore, it is possible to detect the absolute value 
of the thickness error of the transparent substrate 27 and 
its symbol by detecting the difference between the absolute 
value of the positive side peak and the absolute value of 
25 the negative side peak of the focus error signal FE, or the 
difference between the peak point of the focus sum signal FS 
and the zero point of the focus error signal FE in the 
focusing positions. 
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With the method described above, the signal-processing 
unit 100a can detect the thickness error amount of the 
. transparent substrate 27. The control unit 101a outputs 
control signals to the spherical aberration compensator 24 
5 in order to cancel out the spherical aberration caused by 
the thickness error detected by the signal-processing unit 
100a. In accordance with the control signal, the spherical 
aberration compensator 24 changes the wave surface within 
the optical system to cancel out the spherical aberration 
jh* 10 caused by the thickness error of the transparent substrate 

5 27. 

vj ; In order to compensate for the spherical aberration, 

?l \ the thickness error of the transparent substrate 27 needs to 

■ 

be detected at various radial positions of the optical disk 
0 ! 15 26 by means of the signal processing unit 100a prior to the 

. recording or reproducing operation as in the first 

q embodiment, and the compensation factor for spherical 

aberration needs to be calculated at various radial 
positions of the optical disk 26 by the signal processing 
20 unit 100a. 

Furthermore, during the recording or reproducing 
operation, the compensation factor is outputted from the 
signal-processing unit 100a in response to the radial 
position for recording or reproducing and a control signal 
25 based on the compensation factor is outputted by the control 
unit 101a to the spherical aberration compensator 24 to 
compensate for the spherical aberration caused by the 
thickness error. Thus, stable, high density recording or 
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reproducing can be achieved. 

Next, we will describe the optical disk according to 
the third embodiment of the present invention with reference 
to Fig, 16. Fig. 16 shows a general construction of the 
optical disk device for recording or reproducing information 
on the optical disk with a recording layer formed on a 
transparent substrate, in which the focus error signal is 
obtained by detecting the condensing point deviation of the 
light beams condensing on the recording or reproducing 
surface based on the astigmatism method. We will discuss 
below the principle of the process of detecting the 
thickness error of the transparent substrate in the optical 
disk device shown in Fig. 16 using the focus error signal 
detection system based on the astigmatism method. 

First, the construction shown in Fig. 16 and the 
principle of the focus error signal detection based on the 
astigmatism method are explained. A light beam released 
from a laser diode 42 passes through a polarizing light beam 
splitter 43, becomes a parallel light by means of a 
collimator lens 44, enters an objective lens 47 via a 
spherical aberration compensator 46 and a quarter wavelength 
plate 45, and passes through a transparent substrate 49 of 
an optical disk 48. The light beam then is condensed by 
means of the objective lens 47 on the recording/reproducing 
surface of the optical disk 48. 

The light beam reflected on the recording/reproducing 
surface of the optical disk 48, passes through the 
transparent substrate 49 again, becomes a parallel light by 
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means of the objective lens 47, is condensed by the 
collimator lens 44 via the quarter wavelength plate 45 and 
the spherical aberration compensator 46, and enters the 
polarizing beam splitter 43. 

The light beam entering the polarizing beam splitter 
43 is reflected by the polarizing beam splitter 43 as its 
plane of polarization is rotated 90^ by passing the quarter 
wavelength plate 45 twice, and radiates on a light detector 
52 via a detection lens 50 and a cylindrical lens 51, which 
functions as the astigmatism generating means . The light- 
receiving unit of the light detector 52 is divided into four 
sectors, and the incident light is photoelectrically 
converted on each of these four sectors to produce output 
signals • 

At this time, the generatrix (the direction that does 
not have lens power) of the cylindrical lens 51, which is 
the astigmatism generating means, is arranged so as to make 
an angle of 45° against the split line of the light 
receiving unit pattern 53 (53a through 53d), which is formed 
on the light detector 52 and divided into four sectors, and 
the light detector 52 is positioned in such a way that it 
will be at the circle of least confusion due to astigmatism 
generated by the cylindrical lens 51, when the 
recording/reproducing surface of the optical disk 48 is at 
the focus position of the light beam condensed by the 
objective lens 47, 

Consequently, when the recording/reproducing surface 
of the optical disk 48 is located at the focusing position 
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of the light beam condensed by the objective lens 47 , the 
shape of the beam spot 54 formed on the light receiving 
pattern 53 of the light detector 52 becomes a circular shape 
as shown in Fig. 17; however, it becomes an elliptical 
shape, as the recording/reproducing surface of the optical 
disk 48 approaches the objective lens 47 , and it becomes an 
elliptical shape that crosses perpendicularly the elliptical 
shape shown in Fig. 18 as the recording/reproducing surface 
of the optical disk 48 moves away from the objective lens 47 
(Fig. 19). 

Consequently, if the output signals from the light- 
receiving unit patterns 53a, 53b, 53c and 53d are named 
S53a, S53b, S53c and S53d respectively, then the focus error 
signal FE and the focus sum signal FS can be calculated from 
the following formulas: 
FE = (S53a + S53d) - (S53b + S53c) (5) 
FS - S53a + S53b + S53c + S53d (6) 

The above is the principle example of the general 
focus error signal detection method called the astigmatism 
method, and the present embodiment is to detect the 
thickness error of the transparent substrate 49 using the 
focus error signal detection system according to the 
astigmatism method. The present invention is not only 
applicable to the focus error signal detection system 
according to the astigmatism method of the construction 
described with reference to Fig. 16, but also it can be 
applied to any other focus error signal detection system 
according to the stigmatism method such as a method using a 
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flat parallel plate tilted against the optical axis 
direction as a means of generating astigmatism. 

Next, the principle example of detecting the thickness 
error of the transparent substrate 49 in the optical disk 
5 device using the focus error signal detection system 

according to the astigmatism method is described. When the 
recording/reproducing surface of the optical disk 48 is too 
close to or too far from the focus plane of the objective 
lens 47 in the focus error signal detection system according 
10 to the astigmatism method, the spots 54 irradiated on the 
light receiving unit patterns 53a through 53d of the light 
detector 52 expand into elliptical shapes as described with 
p"; reference to Fig. 18 and Fig. 19, and eventually expand 

y| beyond the boundaries of the light receiving unit patterns 

pj 15 53a through 53d in accordance with an increase in the 
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defocusing amount. 

If the thickness of the transparent substrate 49 is 
not deviating from the specified value, the rate of 
expansion of the spots 54 relative to the absolute value of 

20 the defocusing amount is the same for both when the 

defocusing amount is positive or when it is negative, and 
the method in which the spots 54 expand are symmetrical when 
the defocusing amount is positive and negative as shown in 
Fig. 18 and Fig. 19. Therefore, by conducting calculations 

25 according to the formulas (5) and (6) based on the output 
signals S53a through S53d of the light receiving patterns 
53a through 53d, the focus error signal FE and the focus sum 
signal FS are obtained as shown in Fig. 20. 



At this time, the shape of the focus error signal FE 
in the vicinity 57 of the positive side peak is 
substantially equal to the shape in the vicinity 58 of the 
negative side peak, and the characteristic curve of the 
focus error signal FE relative to the defocusing amount 
becomes a symmetrical S-curve. Also, the focusing positions 
of the peak point 60 of the focus sum signal FS and the zero 
point 61 of the focus error signal FE match each other . 

However, if the thickness of the transparent substrate 
49 is deviating from the specified value, a spherical 
aberration occurs in response to the deviation. Therefore, 
the spot 54 that is irradiated on the light receiving 
pattern 53 of the light detector 52 enlarges in an 
unsymmetrical manner in regard to whether the defocusing 
amount is positive or negative, with one of them having a 
light distribution in a shape where an end of the short axis 
or the long axis of an elliptical shape is expanding. 

Therefore, the characteristic curve of the focus error 
signal FE becomes an unsymmetrical S-curve, where the shape 
of the vicinity 57 of the positive side peak of the focus 
error signal FE is different from the shape of the vicinity 
58 of the negative side peak. Either the vicinity 57 of the 
positive side peak or the vicinity 58 of the negative side 
peak has a dulled shape. 

Now, since the spherical aberration amount varies with 
the thickness error of the transparent substrate 49, the 
degree of the unsymmetrical, elliptical expansion of the 
spot 54 irradiated on the light-receiving unit pattern 53 of 
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the light detector 52 varies with the thickness error as 
well, so that the focus pull-in range 59, which is the 
distance between the positive side peak and the negative 
side of the focus error signal FE, varies with the thickness 
5 error of the transparent substrate 49. 

Moreover, since the polarity of the spherical 
aberration varies depending on whether the thickness of the 
transparent substrate 49 is thinner or thicker than the 
specified value, the way the unsymmetrical expansion occurs 

10 on the spot 54 irradiated on the light-receiving unit 
pattern 53 of the light detector 52 becomes opposite as 
well. In other words, the choice of which of the peaks, 
either the positive side peak or the negative side peak of 
the focus error signal FE, becomes dull reverses depending 

15 on whether the thickness of the transparent substrate 49 is 
thinner or thicker than the specified value. Therefore, the 
absolute value and the symbol of the thickness error of the 
transparent substrate 49 can be detected from the shape 
comparison of the waveform in the vicinity 57 of the 

20 positive side peak and the waveform in the vicinity 58 of 

the negative side peak of the focus error signal FE, and the 
absolute value of the focus pull-in range 59. 

Moreover, when spherical aberration occurs due to the 
thickness error of the transparent substrate 49, the spots 

25 54 irradiated on the light-receiving patterns 53 of the 
light detector 42 become distorted, and generate blurred 
images accompanied with side lobes even if the 
recording/reproducing surface of the optical disk 48 is 
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close to the focus surface of the objective lens 47. 
Therefore , a discrepancy develops in the focusing positions 
of the peak point 60 of the focus sum signal FS that detects 
the light quantity of all the spots and the zero point 61 of 
the focus error signal FE that shows the in-focus condition. 

Now, since the spherical aberration amount varies with 
the thickness error of the transparent substrate 49, the 
degree of distortions of the spot 54 irradiated on the 
light-receiving unit pattern 53 of the light detector 52 
varies as well, so that the difference in the focusing 
positions between the peak point 60 of the focus sum signal 
FS and the zero point 61 of the focus error signal FE varies 
as well with the thickness error of the transparent 
substrate 49. 

Moreover, since the polarity of the spherical 
aberration is different depending on whether the thickness 
of the transparent substrate 49 is thinner or thicker than 
the specified value, the spot 54 irradiated on the light- 
receiving unit pattern 53 of the light detector 52 makes 
opposite changes before and after the optical axis. In 
other words, the focusing position of the peak point 60 of 
the focus sum signal FS relative to the zero point 61 of the 
focus error signal FE is reversed depending on whether the 
thickness of the transparent substrate 49 is thinner or 
thicker than the specified value. Therefore, by detecting 
the difference in the focusing positions including its 
symbol between the peak point 60 of the focus sum signal FS 
and the zero point 61 of the focus error signal FE, the 
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absolute amount and the symbol of the thickness error of the 
transparent substrate 49 can be detected. 

Fig* 21 and Fig, 22 are diagrams showing the 
simulation results of the focus error signal FE and the 
5 focus sum signal FS obtained as the thickness error of the 
transparent substrate 49 is varied in the focus error signal 
detection system according to the astigmatism method. Fig. 
21 shows a case when the thickness of the transparent 
substrate 49 is thicker than the specified value, and Fig. 

10 22 shows a case when the thickness of the transparent 
substrate 49 is thinner than the specified value. 

According to Fig. 21, if the thickness of the 
transparent substrate 49 is thicker than the specified 
value, the waveform in the vicinity of the negative side 

15 peak becomes a duller shape compared to the waveform in the 
vicinity of the positive side peak of the focus error signal 
FE as described above, so that the focus pull-in range 
increases with the thickness error of the transparent 
substrate 49. Also, the peak point of the focus sum signal 

20 FS deviates in relation to the zero point of the focus error 
signal FE. 

According to Fig. 22, if the thickness of the 
transparent substrate 49 is thinner than the specified 
value, the waveform in the vicinity of the positive side 
25 peak becomes a duller shape compared to the waveform in the 
vicinity of the negative side peak of the focus error signal 
FE, and the focal pull-in range increases with the thickness 
error of the transparent substrate 49 as described above. 
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Moreover, the peak point of the focus sum signal FS moves to 
the positive side with reference to the zero point of the 
focus error signal FE. 

Therefore, it is possible to detect the signal of the 
thickness error of the transparent substrate 49 and its 
symbol by detecting the absolute amount of the focus pull-in 
range and comparing the waveform in the vicinity of the 
positive side peak and the waveform in the vicinity of the 
negative side peak of the focus error signal, or by 
detecting the difference between the peak point of the focus 
sum signal and the zero point of the focus error signal in 
their focus positions. 

With the method described above, the signal-processing 
unit 100b can detect the thickness error of the transparent 
substrate 49. In order to compensate for spherical 
aberration, it is necessary to detect the thickness errors 
of the transparent substrate 49 by the signal processing 
unit 100b at various radial positions of the optical disk 48 
prior to the recording or reproducing operation, and 
calculate the compensation factor for the spherical 
aberration for each radial position of the optical disk 48 
by the signal processing unit 100b as in the first 
embodiment . 

During the recording or reproducing operation, the 
compensation factor is outputted from the signal-processing 
unit 100b in response to the radial position for recording 
or reproducing and a control signal based on the 
compensation factor is outputted by the control unit 101b to 
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the spherical aberration compensator 46 to compensate for 
the spherical aberration caused by the thickness error of 
the transparent substrate 49. Thus, stable, high density 
recording or reproducing can be achieved. 



